Within young pine (Pinus spp.) plantations, coarse woody debris (CWD) and green trees are important habitat structures that may be impacted by the production of biofuel feedstock. Therefore, we compared site preparation procedures associated with switchgrass (Panicum virgatum L.) intercropping to determine effects on CWD and green trees in stands (n ¼ 24) site-prepared for intercropping, with switchgrass only, or pine plantation in Mississippi, USA. Following site preparation, CWD dispersal or volume did not differ between intercropped and control stands. Intercropped stands had significantly fewer retained trees and snags. Switchgrass monocultures had no retained trees or piles and significantly fewer pieces and less volume of CWD than the other treatments. Our results suggest switchgrass intercropping may provide similar habitat quality to traditional pine plantations for wildlife species using these areas in the year following disturbance, but may provide a less suitable habitat for species that require snags. However, the relationship between snag reduction and wildlife population response in an intercropped setting is not clear and should be further investigated. Regardless, if retaining snags is a desired outcome, site preparation for switchgrass should be restricted to the interbed area where it will be cultivated as opposed to extensive debris removal from the entire site.
Introduction
Intensively managed pine (Pinus spp.) forest is a co-dominant land cover type in the Southeastern United States, with planted shortleaf (P. echinata Miller) and loblolly pine (P. taeda L.) forests covering .12 million hectares (Smith et al., 2009) . There has been considerable interest in developing management regimes within intensively managed forests for producing feedstocks for biofuel from lignocellulosic sources (EPA, 2010; Riffell et al., 2011b) . Three primary methods proposed for generating these feedstocks from southeastern US forests are: (1) growing short rotation woody crops including trees in the genera Populus, Salix, Pinus and Eucalyptus (Hinchee et al., 2011; Zalesny et al., 2011) ; (2) using wood from forest thinning (Verschuyl et al., 2011) and otherwise non-merchantable residual wood following final harvest (Riffell et al., 2011a) ; and (3) intercropping fast growing perennial plants within pine plantations (Riffell et al. 2011b) . Within the context of intercropping, switchgrass (Panicum virgatum L.) is a promising perennial grass to grow between loblolly pine rows. Switchgrass has several advantages over other species: it is native to the southeastern US, it resprouts readily allowing annual harvest and minimal replanting over the life of a pine stand, has desirable soil carbon-sequestering properties, grows quickly and produces large volumes of biomass, and can be established and maintained with conventional agricultural techniques (Parrish and Fike, 2005; Garten, 2011) . Switchgrass may have the added advantage over other feedstocks in that carbon balances may be beneficially affected through retention of standing and downed woody debris, an important store of carbon, following clear-cut harvesting (Wang et al., 2011) .
The value to wildlife of forestry practices that retain standing snags has been well studied in pine forests. Snag retention is important for maintaining populations of cavity-nesting birds (CNB). Many CNB, including primary and secondary cavity nesters, are limited by the availability of nest sites and strongly tied to snag availability (e.g. Balda, 1975; Newton, 1994; Lohr et al., 2002; Aitken and Martin, 2012) . The portion of the bird community that persists on site following clear-cut harvest of forest blocks, namely guilds associated with snags, is strongly influenced by the number and decay class of snags available (Dickson et al., 1983; Lohr et al., 2002) . In an extensive study on the role of CWD in loblolly pine plantations, Lohr et al. (2002) found that several species had close associations with CWD and that combined removal of snags and downed coarse woody debris (DCWD) reduced breeding avian diversity.
Woody debris is also an important component of forest structure for a large number of mammals and herptiles. Increasing DCWD volume enhances the use of pine forests by species associated with fossorial microhabitats, especially salamanders (e.g. Bury and Corn, 1988; Dupuis et al., 1995; Moseley et al., 2004; Alkaslassy, 2005) and small mammals (e.g. Loeb, 1999; Butts and McComb, 2000; Mengak and Guynn, 2003; McCay and Komoroski, 2004) . Not only is the amount of DCWD important, but the volume of debris is also important, as some species prefer larger debris pieces (Corn and Bury, 1991; Jonsell 2007) . Microclimatic conditions are seasonally and diurnally more variable following clear cuts (Chen et al., 1993; Carlson and Groot, 1997; Gray et al., 2002) . This increased fluctuation in surface conditions may limit the use of these sites for some species, and retained CWD may supplant some of the shelter provided by canopy cover prior to harvest (Grialou et al., 2000; Fauteux et al., 2012) , help maintain moisture for species subject to desiccation (Getz, 1961; Jaeger, 1980; Brannon, 2002) , provide travel pathways (McCay, 2000; Ucitel et al., 2003; Zollner and Crane, 2003; Jones et al., 2009 ) and provide the habitat structure present in mature forests (Gustafsson et al., 2010) . Snags also promote mammal diversity by providing a habitat for arboreal species such as squirrels and tree-roosting bats (Loeb, 1996; Perry et al., 2007; Jones, 2009) .
Both positive and negative externalities for wildlife may result from creating pine-switchgrass co-cultures within loblolly pine plantations, although to our knowledge only one study to date has addressed these questions within this production system (Riffell et al., 2011b; Marshall et al., 2012) . Differences in forestry practices required to establish a switchgrass co-culture in loblolly pine may change habitat suitability for a wide range of biota via alteration of habitat structure, particularly the availability of DCWD, snags and retained live trees. Therefore, we sought to examine habitat structural elements of loblolly pine plantations following harvest and subsequent site preparation and replanting of pines to determine structural changes that may affect wildlife. We measured and compared the metrics of DCWD and retained snags and green trees, as these are important structural features for wildlife especially following harvest, which creates large amounts of debris (Jones et al., 2009) . We used two CWD volume metrics, gross and net CWD. Gross CWD included piled woody material, empty space and other plant material lumped into debris piles. Net woody debris included solely the volume of woody material. As indicated above, retained gross CWD plays an important structural role within plantations immediately following harvest and stand re-establishment. Net woody debris is a better indicator of macro-invertebrate production, and vertebrates that forage on them, and is the relevant metric for fuels, and carbon assessments (Hardy, 1996) .
We predicted more intensive site preparation associated with planting switchgrass would decrease the number of snags and retained green trees on intercropped pine stands. Additional bulldozer passes with a v-blade between pine rows to prepare the switchgrass seedbed effectually cover the entire stand during site preparation, potentially leaving little opportunity to retain non-harvested trees or standing snags. We also predicted that intercropped stands would have less CWD and smaller pieces due to additional mechanical breakdown (McCarthy and Bailey, 1994) and a greater proportion of debris volume in piles rather than a more even dispersal of pieces. We predicted that plots prepared for establishing switchgrass monoculture would have most, but not all, DCWD removed and have few, if any, snags. Understanding these potential changes in habitat structure is important for forest managers who wish to adhere to best practices and sustainability certification.
Methods

Study area
We collected data in Kemper County, Mississippi (32852 ′ N, 88833 ′ W) on properties owned and managed by the Weyerhaeuser Company within stands established and maintained by Catchlight Energy LLC (CLE), a Chevron|Weyerhaeuser joint venture. Data were collected from June to August of 2011. Our experimental stands were within the Interior Flatwoods Area (Pettry, 1977) and Upper Coastal Plain in Kemper County, Mississippi, USA. The surrounding 25 000 ha landscape was composed mostly (70%) of intensively managed pine (Pinus spp.) stands of various ages, mature pine-hardwood (17%), hardwood (10%) and nonforested areas (3%). The climate was subtropical with mean annual temperatures of 17.48C (11.2-23.78C) and a mean annual precipitation of 149 cm (100 -177 cm; National Oceanic and Atmospheric Administration, 2009).
Experimental design
Our study was a randomized complete block design with six sample blocks. Each block comprised four 10-ha plots. Treatments were assigned randomly. The treatments were: (1) Pine: typical loblolly pine management following standard Weyerhaeuser procedures for site preparation, including a combination plow with a v-blade, bedding plow and a subsoiler to establish pine beds, seedling planting at 1100 trees/hectare (tree spacing 1.52 ×6.10 m), herbaceous weed control herbicide applied in bands on pine tree rows and later thinning to 310 trees/hectares; (2) Switchgrass Monoculture: non-intercropped, switchgrass monoculture using a different site preparation appropriate for planting switchgrass including woody debris removal (pushed into windrows at edges of stands, and a total plot stump-removal/plow with a v-blade) and fertilizer/herbicide treatments as needed to establish a grass crop; (3) Intercropped: intercropped switchgrass within loblolly pine plantation, following the same site preparation as with standard management practices, but including planting of switchgrass and more extensive woody debris and stump removal between rows of planted trees using a v-blade as appropriate for establishing switchgrass between pine beds. Additional v-blade passes in these plots pushed debris out of rows to facilitate the planting and germination of switchgrass. In typically managed pine plots, the v-blade and subsoiler pushes woody debris out of beds and into interbed rows (hereafter 'rows') to allow planting pines and facilitate early growth. The pine treatment had two plots in each block. The switchgrass monoculture treatment was installed to provide an experimental bound and is not considered a viable management scenario within this forested landscape.
Debris surveys
We used strip plot methods following Bate et al. (2004) to quantify levels of CWD within plots. We used 24 strip surveys for each of the twenty four study plots (N ¼ 576 surveys). Strips (12.5 m×4 m) were centred along three points evenly spaced 100 m apart along one of the main diagonals of each 10 ha study plot. Strip placement avoided SMZs and plot edges by .50 m when possible. Eight transects were arranged around each point in an X shape with each arm consisting of two strips. Orientation of the X was chosen randomly. The X pattern was used so that debris estimates would not be biased on any particular plot from preferentially laying Forestry transects along rows or beds which would increase or decrease the probability of encountering debris. With this pattern, an equal number of strips would be perpendicular to the direction of the beds as those that were parallel.
Two observers surveyed woody debris pieces within plots, marking each piece with chalk to ensure a complete census and to avoid doublecounting. Our definition of DCWD included material smaller than the often used ,10 cm diameter (Jones et al., 2009; Riffell et al., 2011b ), which we classified as fine woody debris. Debris was categorized into three categories: predominately linear pieces, piles of linear pieces and blocks, with different measurements taken for each. Linear pieces with elliptical or circular cross sections were by far the most common. The volume for linear pieces was calculated following Fraver et al. (2007) . The exact species of many linear pieces was not determined. Those that were identifiable appeared to consist of lateral branches from pine, boles or bole fragments from non-merchantable pines and portions of hardwoods, especially black cherry (Prunus serotina Ehrhart), sweetgum (Liquidambar styraciflua L.), winged elm (Ulmus elata Michaux), oaks (Quercus sp.), hickory (Carya sp.) and silk tree (Albizia julibrissin Durazzini) among others. We measured end diameters, to generate the cross-sectional area, and length (cm) to the nearest 0.254 cm using tree calipers and a tape measure, respectively. Length was measured from either end of the piece or to where the diameter dropped below 2 cm if the piece was so tapered. Apparent boles that were upright at a 458 angle or greater were considered snags and not measured as DCWD. Pieces ,1 m long were considered fine woody debris and not included in counts or volume estimates. Those with large-end diameters ,2 cm were also considered fine debris and excluded.
Owing to the linear orientation of site preparation and planting (i.e. bedding, v-blade pushing debris), debris piles were essentially linear and had a fairly consistent shape. Piles were defined as ≥25 cm in height, ≥1 m long and with ≥3 linear pieces adpressed, typically with additional soil or non-woody debris, so that the volume could not be derived from the individual volume of constituent CWD pieces. The shape of these piles was not adequately approximated by other volumetric estimates used in debris pile volume estimation such as those outlined by Hardy (1996) . Therefore, we divided the portion of piles within transects in half lengthwise and overlaid a minimum convex polyhedron over each half (see Figure 1 ). This allowed us to generate a closed form equation for the pile volume using length, width and height measurements for each half (see Equation 1), while allowing for variable endpoint and midpoint heights and basal widths. Blocks were not linear pieces, were solid pieces of wood and were roughly rectangular prisms in shape. We estimated the volume for blocks by measuring the length, width and height and multiplying these measurements together.
We counted all snags and green trees .3 m in height within 50 m of the centre points (the same used as centres for strip plot surveys). These were categorized as either standing green trees, small snags (dbh , 20 cm) or large snags (dbh . 20 cm). There were not sufficient green trees .20 cm to merit dividing these into two size classes. This threshold between large and small snag values was selected as it was approximately two standard deviations below the mean DBH reported for nesting trees of Northern Flicker (Colaptes auratus), the largest cavitynesting bird species located nesting within the sampling area (Stauffer and Best, 1982; Gutzwiller and Anderson, 1987) , so that snags would be of sufficient size for all CNB.
Statistical analyses
We used general linear mixed models (Proc Mixed) in SAS 9.2 (SAS Institute, Cary, NC) and generalized linear mixed models (Proc Glimmix) to Figure 1 Generalized overlay of the polyhedron used to approximate pile volumes superimposed on a portion of a windrowed woody debris pile.
Kemper Co., MS, October 2011.
Equation 1
Derivation of the volume estimate for debris piles based on a triangular cross section with variable end and centre widths and heights, where w 1 and w 3 are the endpoint basal widths, h 1 and h 3 are the endpoint heights and w 2 and h 2 are the midpoint width and height, respectively; L is the length of each half of the pile. Each half taken independently is a convex polyhedron but the combined polyhedron is not strictly convex. The formula is generalizable to include any number of sections. Also note: we used equal lengths for the two sections of the solid, but it is trivial to generalize the formula for unequal length sections.
Site preparation for switchgrass intercropping compare differences in CWD among treatments (Littell et al., 2006) . We tested null hypotheses that gross woody debris volume density (m 3 / 50 m 2 ), net woody debris volume, number of woody debris pieces per survey that were distributed (not piled), volume of woody debris pieces, volume of debris piles contained within strip surveys and probability of encountering a pile were unchanged by site preparation procedures appropriate for establishing switchgrass intercropping or switchgrass monocultures compared with traditional loblolly pine management.
To model gross CWD volume density (m 3 /50 m 2 ) for each treatment, we assumed a Gaussian distribution. We transformed data using log 10 (volume + 1) to achieve normally distributed residuals (McCune and Grace, 2002) . We adjusted denominator degrees of freedom using the Kenward-Roger correction. Experimental treatment was used as the fixed effect. Treatment levels were as described above. Debris removal on monoculture plots affected the variance of total volume. We accounted for this in the model by using a heterogeneous G matrix with treatmentspecific covariance parameters. In all models, we used the study block as a random effect to address the dependence among samples within each site. The net CWD volume was computed using the 7.7% packing ratio for piles reported by Beauvais (2010) , adding this volume to the total CWD piece volume for each survey, and using the same model as for the gross CWD. The packing ratio adjusted volumetric estimates to account for soil and empty space within debris piles.
We modelled counts of debris pieces with a Poisson distributed generalized linear-mixed model using a log link function. The pile volume was modelled using a Gaussian distribution (Proc Mixed, SAS Institute, Inc., 2008). Data transformation was not required for normally distributed residuals. Using a Poisson distribution to model counts per survey of debris piles resulted in a poor model fit. Instead, we modelled the probability of encountering a pile per survey as a surrogate for the pile density on study plots using a binomial model with a logit link function (Proc Glimmix, SAS Institute, Inc., 2008). Switchgrass monoculture was not used as a treatment level for the pile volume and the probability of encountering a pile as this treatment did not have debris piles due to nearly complete debris removal required for planting pure switchgrass stands. The volume of individual debris pieces was modelled using Proc Mixed with a log 10 (x + 0.5) transformation with the study plot on which the survey was conducted as a random effect. Using a group random effect whereby surveys from the same X pattern were grouped together was not supported in models (DAIC . . 2) except the model for volume of individual pieces.
Results
Site preparation for switchgrass intercropping did not change DCWD metrics compared with traditionally managed pine stands. Hereafter, for means, confidence limits, test statistics and significantly different groups, see Table 1 . The effect of treatment was significant on the total gross volume, with intercropped switchgrass and typical pine plots having significantly greater volume than switchgrass monoculture, but not different from each other. Switchgrass monoculture had essentially no DCWD; the least squared mean total volume on switchgrass monoculture plots did not differ significantly from zero (95% C. L.: 0.000-0.035). Comparing the net volume yielded the same qualitative result as the gross volume. The effect of treatment was significant on the total net volume, with intercropped switchgrass and typical pine plots having significantly greater volume than switchgrass monoculture, but not different from each other. Either rows or beds contained a disproportionate share of debris depending on the treatment. Intercropped plots contained more debris in beds.
The number of pieces per 50 m 2 differed significantly among treatments. Although intercropped switchgrass and traditionally managed pine did not differ in the number of individual debris pieces, both had significantly more than switchgrass monoculture. The individual piece volume, probability of encountering debris piles and volume of debris piles also did not differ significantly between intercropped and non-intercropped treatments. There were no debris piles detected on switchgrass monoculture plots.
Site preparation for switchgrass intercropping reduced the number of retained snags and the number of green trees compared with non-intercropped stands. Snags in both size classes were combined for analyses due to small numbers retained on study plots. Retained green trees were reduced by 61% from 2.95 trees per 50 m radius count circle (3.75 ha 21 ) on nonintercropped to 1.14 trees per count circle (1.46 ha 21 ) on intercropped plots, and snags were reduced by 46% from 2.00 snags per count circle (2.55 ha
21
) on non-intercropped plots to 1.08 snags per count circle (1.37 ha
) on intercropped stands. There were no retained green trees on switchgrass monoculture plots.
Discussion
Pine stands that were prepared for intercropping provided less suitable habitat structure for animal species that depend on snags for nesting, escape cover or other activities. The role of retained snags and retained green trees in pine plantations for birds and other vertebrate species has been well studied (Thompson et al., 1995; Riffell et al. 2011a Riffell et al. , 2011b Verschuyl et al., 2011) . These differences will likely decrease in subsequent years as snags decay and fall because most snags in the South have a brief half-life and newly established stands are slow to recruit new snags (Moorman et al., 1999; Homyack et al., 2011) . There was no evidence of increased mechanical breakdown of woody debris pieces on intercropped stands, although the decrease in standing snags and green trees may have added to DCWD and obscured or mitigated this effect.
We found similar retained CWD compared with other studies of biomass in loblolly pine. Converting our net CWD volume to biomass using an assumption of 50% pine / 50% hardwood CWD composition with a density of 0.512 Mg/m 3 and 0.437 Mg/m 3 for hardwoods and pine, respectively (Beauvais 2010), yields an estimate of 13.48 Mg/ha (95% C.L.: 8.95 -18.37) for typically managed pine plots and 18.43 (95% C.L.: 6.97 -32.31) for intercropped plots. This is very similar to the study by Beauvais (2010) , which reports upper and lower confidence levels of 7.51 and 11.29 Mg/ha, respectively, in typically managed pine stands without biomass removal. Our slightly greater results may partially be accounted for by our definition of DCWD, which was more inclusive, therefore biasing our estimate upwards. Our estimates of CWD piece counts are similar to those by Neu (2011) . Neu (2011) estimated 634.7+51.8 ha
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(mean+S.E.) CWD pieces for 1-and 2-year-old stands following chemical and mechanical site preparation compared with our 672.8 ha 21 for typically managed pine and 910.8 ha 21 for intercropped plots. Our estimates of the net CWD volume are not directly comparable to Neu (2011), however, due to differences in Forestry methods concerning the volume of sorting/merchandizing decks, which were excluded from his total volumetric estimates.
Habitat quality is likely similar between intercropped and nonintercropped stands for faunal communities that are not reliant on snags because there was no difference in the amount or distribution of debris between intercropped and non-intercropped treatments. We expect stronger differences in ground-level habitat structure in future years as differences in vegetation become more pronounced and with the onset of vertical habitat heterogeneity, particularly after switchgrass becomes established within stands. There were no debris piles and no retained snags or trees on plots that had been site-prepared for switchgrass monoculture.
Effects of forest management on CWD have been studied in biofuel production scenarios other than switchgrass intercropping. Biofuel production regimes which collect wood as lignocellulosic feedstock for transportation fuel production perhaps provide a clearer pathway to reduced CWD than intercropping, through direct debris removal (Briedis et al., 2011; Skog and Stanturf, 2011; Zalesny et al., 2011) . Biomass harvesting may remove greater amounts of woody biomass than are desirable to meet some sustainability objectives, although limited data are available. Beauvais (2010) found 85% reduction in the CWD biomass when forest residues were harvested for biofuel feedstocks in loblolly plantations in the Atlantic coastal plain in eastern North Carolina, USA. Briedis et al. (2011) examined whole-tree harvest and biomass harvesting and found that retained DCWD and snags were insufficient to meet state guidelines in several northern and eastern U.S. states. Arnosti et al. (2008) , contrastingly, found low debris removal efficiency and minimal effect on snags for a variety of understory biomass removal treatments. Their results are not generally applicable to southeastern plantations forests as they studied a BirchAspen-Spruce-Fir (Betula-Populus-Picea-Abies spp.) forest system that is strongly divergent structurally and topographically from managed forests in the Atlantic and Gulf Coastal plains. They reported dense crop tree overstory and rugged topography prohibited high efficiency biomass removal. These limitations are not likely to be influential in forests with regular tree spacing and minimal topographic relief. Arnosti et al. (2008) also explicitly incorporated upper limits on biomass removal in their treatments which preclude comparisons where biomass removal is implemented in a harvest regime aimed at attaining maximum yields, especially following clear-cut harvest. When contrasted with nonsignificant differences in DCWD volume vs traditional pine management, switchgrass intercropping appears to be a better Site preparation for switchgrass intercropping alternative for the retention of debris in lignocellulosic feedstock production than harvesting residual woody biomass, unless explicit guidelines are enacted to prevent the loss of woody biomass. This maintains positive externalities for terrestrial vertebrates, even though reductions in retained tree and snag-using species likely will occur (Hanberry et al., 2012a) . Increasing CWD is not always correlated with increased habitat use, and it is important to acknowledge that, for some taxa, the relationship between CWD and habitat use is equivocal or species may respond positively to reduced CWD (Ford et al., 2002; Greenburg and Miller, 2004; Moseley et al., 2005 Moseley et al., , 2008 Riffell et al., 2011a; Hanberry et al., 2012a) . Within some species groups (such as amphibians and small mammals), the direction of population responses to CWD removal is not consistent across all species and in others (reptiles) it has not been studied adequately (Riffell et al., 2011b) . That DCWD metrics were similar between intercropped and non-intercropped stands suggests similar habitat quality regardless of the positive or negative affinities of particular species with DCWD.
Growing switchgrass monocultures within forest lands rather than producing forest products is not economically viable compared with intercropping switchgrass or growing pine monocultures under many stumpage and switchgrass price scenarios (Susaeta et al., 2012) . Therefore, the switchgrass monoculture treatment in this study can be thought of as a heuristic analogue to a 'switchgrass-first' approach to establishing a switchgrass-pine co-culture, which differs from the 'pine-first' method employed in intercropped stands in this study (see methods). This switchgrassfirst approach is currently being tested (R. Rousseau, Miss. State Univ., personal communication) and involves planting switchgrass in a monoculture first and then using a banded herbicide application to remove switchgrass from pine beds which are then planted using typical pine-planting procedures. Planting in this manner requires that stands be cleared of all CWD using a method similar to the one employed in this study to establish the monoculture treatment. Results from this study suggest that the 'pine-first' method for stand establishment may present an added advantage of allowing for debris and snag retention, not possible in the switchgrass-first method.
Conclusions
Switchgrass intercropping provides a habitat of similar structure to typically managed pine plantation forests for vertebrate communities that use DCWD following clear-cut harvesting, site preparation and replanting of pines, before much of the naturally occurring plant communities have had time to re-establish. Intercropping provides less suitable habitat structure for species reliant on standing snags or green trees that are retained after harvesting crop trees. Loblolly pine plantations have been identified as providing an important habitat for animals that use early successional habitats particularly in conjunction with CWD, green tree and snag retention practices (e.g. Wigley et al., 2000; Miller et al., 2009; Lane, 2011; Hanberry et al., 2012a Hanberry et al., , 2012b ; thus maintaining DCWD via intercropping provides an advantage of this lignocellulosic feedstock production method over the removal of residual woody biomass.
It is important to recognize that our stand-level study did not consider the availability of dead wood resources across a managed pine landscape. Such a landscape generally contains non-operational stands, such as stream buffers, which can provide substantial dead wood resources (Wigley et al., 2000; Miller et al., 2009) . Therefore, a full understanding of potential impacts of deadwood from biofuel crop establishment within forest systems will require an understanding of the prevalence and distribution of such treatments across a landscape and interaction with other forest types and silvicultural treatments on the landscape.
